We investigated synthesis of zirconia nanoparticles (Nps) and their ameliorative roles as additives concrete structures. Synthesized Zirconia Nps were studied with X-ray diffraction (XRD), UV-visible spectrophotometer, and transmission electron microscope (TEM). We used standard Portland cement in related experiment Concrete Structures. e experimental or E series (E1-E4) mixtures were prepared with different amounts of ZrO2 Nps with an average particle size of 20 nm. e experimental mixtures were prepared 0.125, 0.25, 0.5 and 2.0% ZrO2 Nps/cement by weight. e modi�ed cement with ZrO2 nanoparticles was studied with split tensile strength, �exural strength and setting time methods. �inal results showed that Zirconia Nps could be used for their Ameliorative roles as Additives Concrete Structures.
Introduction
Concrete is as essential to our modern world as computers or electricity. In fact it is employed extensively in the construction industry and consumed at a rate of 6 billion tones per year [1, 2] . Concrete is a mixture of stone and sand held together by a hardened paste of cement and water [3] . When the ingredients are thoroughly mixed they make a plastic mass which can be casted or molded into a predetermined size and shape [4, 5] . When the cement paste hardens the concrete becomes very hard like a rock. It has great durability and the ability of carrying high loads especially in compression. As it is initially plastic it can be used in various types of constructions [6, 7] . However, conventional concrete suffers from a number of inherent de�ciencies, such as its low tensile strength. e cement grains bind together and create a stone-like material called concrete [8, 9] . Despite cementations materials being the most widely used in building material through the world, its chemical and physical components make the fundamental mechanisms, although its usage is not understood well [10] . Development of new techniques to characterize materials at the nano scale has also provided a unique opportunity for studying cement. Nanoscience and nanotechnologies represent a �eld of study that is currently attracting a great deal of attention [11, 12] . e pre�x �nano� refers to the nanometer (nm), one billionth of a meter. e unusual mechanical, optical, electrical, and magnetic properties exhibited by materials with dimensions in the range 100 nm down to around 0.1 nm (the size of a single atom) can differ markedly from the properties of the same materials at larger dimensions. In recent years, researchers have become increasingly adept at manipulating the shape and size of materials at the nanometer scale and have therefore been able to study and exploit these unusual properties [13] . Nanscience and nanotechnologies provide a perfect �eld for multidisciplinary research, characterized by increasing collaboration between physicists, chemists, biologists, and engineers. Nanotechnologies offer interesting possibilities of cement based on materials [14, 15] . As the strength of concrete is based on its nanometer size crystal structure, the usage of Nps as additives is combined with new insights into crystal structure mechanics and provides many new ideas for the improvement of cement-based materials [16, 17] . Nano ZrO 2 (zirconia) particles have a very low thermal conductivity. ey are used in thermal barrier coatings in jet turbines and diesel engines to allow doing operation at higher temperatures. e zirconia crystals exhibit superior mechanical properties such as high strength and �exibility [18] . Heat insulating properties and oxygenion conductivity indicate that zirconia has potential for applying in a wide variety of applications [19, 20] . Here we used zirconia Nps and their ameliorative roles as additives concrete structures. We hope that this research introduces a new way for increasing stability and resistance of concrete structures. 
Materials and Method

Experimental Main Material of Concrete Structures (Cement).
We used Portland cement in related experiment for cement. As you know, Portland cement is a very important and necessary material in concrete structures. e chemical compound compositions of this Portland cement that was used in our research is composed of 55% (C 3 S), 19% (C 2 S), 10% (C 3 A), 7% (C 4 AF), 2.8% MgO, 2.9% (SO 3 ), 1.0% Ignition loss, and 1.0% free CaO.
Preparation Mixture of Cement and ZrO 2 Nanoparticles.
A total of two series of mixtures were prepared in the laboratory replicates. e control mixtures were made of the natural aggregates: cement and water. e experimental or E series (E1-E4) mixtures were prepared with different amounts of ZrO 2 Nps with an average particle size of 20 nm. e experimental mixtures were prepared 0.125, 0.25, 0.5, and 2.0% ZrO 2 Nps/cement by weight. e water to binder ratio for all mixtures was set at 0.40 [23] . e aggregates for the mixtures consisted of a combination of crushed basalt and of �ne sand, with the 30% parentage of sand by weight. e binder content of all mixtures was 500 kg/m 3 .
Preparation of Test Specimens
. Series E mixtures were prepared by mixing the course aggregates, �ne aggregates, and powdered materials (cement and ZrO 2 Nps) in a laboratory concrete drum mixer. e powdered material was only cement. ey were mixed in dry condition for two minutes, and for another three minutes aer adding the water. Samples of the fresh concrete were determined immediately to evaluate �exural strength following the mixing procedure. Cylinders with a diameter of 150 mm and a height of 300 mm for split tensile strength and cubes with 200 mm × 50 mm × 50 mm edges for �exural strength tests were cast and compacted in two layers on a vibrating table, with each layer being vibrated for 10 s [24] . e molds were covered with polyethylene sheets and moistened for 24 h. en, the specimens were demoded and cured in water at 20 ○ C prior to the experimental period. e tensile strength tests of the concrete samples were determined at 5, 10, and 15 days. e reported results were the average of three replicates.
2.�. �n�estigation Split Tensile Strength of Cement Modi�ed
with ZrO 2 Nanoparticles. e split tensile test was carried out in accordance to the ASTM C 496-90 standard. Aer the speci�ed curing period, the concrete cylinders were subjected to split tensile test by using a universal testing machine. Tests were carried out on triplicate specimens and average split tensile strength values were obtained.
2.�. �n�estigation �lexural Strength of Cement Modi�ed with
ZrO 2 Nanoparticles. e �exural strength of concrete is used as a structural design criterion and as a general indicator of concrete strength. ASTM C 293 (C-293) determines the �exural strength of concrete specimens by the use of a simple beam with center-point loading. Flexural tests were undertaken in accordance with the ASTM C293 standard. Similar to the tensile tests, �exural tests were carried out on triplicate specimens and average �exural strength values were obtained.
2.�. Setting Time of Cement Modi�ed with ZrO 2 Nanoparticles.
Setting time of the specimens was regulated according to the ASTM C191 standard. e ASTM C191 method determines the time of setting of hydraulic cement by the means of the Vicat needle. diffraction angle. e grain size estimated using the relative intensity peak for ZrO 2 Nps was found to be 20 nm and increase in sharpness of XRD peaks indicates that particles are in crystalline nature. All different peaks in Figure 1 are related to ZrO 2 Nps and matched to Joint Committee for Powder Diffraction Studies (JCPDS). 2 Nanoparticles. e most dramatic property of Nps is the size evolution of the optical absorption spectra. Hence UV-visible absorption spectroscopy is an efficient technique to monitor the optical properties of quantum-sized particles. e UV-visible absorption spectra of ZrO 2 Nps was shown in Figure 2 ; although the wavelength of our spectrometer is limited by the light source, the absorption band of the ZrO 2 Nps has shown a shi due to the quantum con�nement in sample compare with bulk ZrO 2 particles. is optical phenomenon indicates that these Nps show quantum size effect [26] . e UV-visible spectrum is in range of 100 to 800 nm. e UV spectrum begins in 100 nm and ended in 380 nm and divided to four areas: 1. VUV (100-200 nm), 2. UVC (200-280 nm), 3. UVB (280-320 nm) and 4. UVA (320-380 nm). We used UVB and UVA (300 nm) in this section. e visible spectrum is in range of 380 to 780 nm.
Results and Discussion
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TEM Investigation for ZrO 2 Nanoparticles.
As it is well known, the properties of a broad range of materials and the performance of a large variety of devices depend on their surface characteristics strongly. e average diameter of the synched ZrO 2 nanoparticle is about 20 nm and has a very narrow particle distribution. is statement is illustrated in Figure 3 . Figure 3 Shows a TEM picture of the ZrO 2 Nps.
Investigation Effect of ZrO 2 Nanoparticles on Strength
Properties of Cement. Table 1 shows that by increasing the ZrO 2 NPs content to the concrete paste, the total speci�c pore volumes of concrete can be decreased and the most probable pore diameters of concretes shi to smaller pores and fall in the range of less harmful pores or even harmless pores, which indicates that the addition of ZrO 2 Nps improve the structure of concrete. Water was used to make the cement paste + ZrO 2 Nps with the ratio of 0.40.
F 3: TEM images of ZrO2 NPs, with diameter about 100 nm. Table 2 gives the porosities, average diameters and median diameters, (volume) of the concrete paste before and aer the addition of different proportions of ZrO 2 Nps. e regularity of porosity is similar to that of total speci�c pore volume. e regularity of average diameter and median diameter (volume) is similar to that of the most probable pore diameter.
During the early stages (�rst 5 days) of the hydration process, strength can be affected by the limestone �nes that raise the hydration rate of some clinker compounds, since the �nes act as nucleation sites of the hydrates formed in the hydration reactions [27] . During the later hydration stages (10 days or more), it can be seen that there are fewer effects on reducing the �exural strength in cement obviously. e pore structure of concrete is the general embodiment of porosity, pore size distribution, pore scale, and pore geometry. e addition of ZrO 2 Nps to the concrete paste can help in decreasing its pore size. In terms of the different effects of pore size on concrete performance, a pore size of <20 nm is classi�ed as harmless, while 20-50 nm is thought to be less harmful and 50-200 nm is said to be harmful. A pore size of >200 nm is thought to be highly harmful [28] . In order to analyze and compare conveniently, the pore structure of concrete is divided into four ranges according to this methodology. evaluated by (E1-E4) and without (control) ZrO 2 Nps for 5, 10, and 15 days, as shown in Table 3 . Comparison of the results shows that the split tensile strength increased aer the addition of ZrO 2 Nps at the concentration of 0.125% of ZrO 2 Nps (E1) aer 7 days, and the maximum split tensile strength was observed at 0.5% ZrO 2 Nps (E3), as compared to that of the control. e 10 and 15-day experiments did not show signi�cantly different results when compared to those of 5 days. It was also observed that 2.0% replacement (E4) caused a decrease in the split tensile strength of the experimental cement. is may be due to the fact that the quantity of ZrO 2 Nps present in the mixture was higher than the amount required to combine with the liberated lime during the hydration process, thus leading to excess silica leaching out and causing a de�ciency in strength as it replaced a part of the cementing material but did not contribute to its strength [29, 30] . It could be also due to defects generated in the dispersion of Nps causing weak zones. e higher split tensile strength in the E3-blended concrete is due to the rapid consumption of Ca(OH) 2 , formed during the hydration of Portland cement, especially at the early stage that can be related to high reactivity of ZrO 2 Nps. As a consequence, the hydration of cement is accelerated and larger volumes of reaction products are formed. It is also thought that ZrO 2 Nps recover the particle packing density of the blended cement, leading to a reduced volume of larger pores in the cement paste [31, 32] . e water to binder ratio for all mixtures was set at 0.40 [23] . is mean that of all mixture (100%), 60% was cement paste + ZrO 2 Nps and 40% was water.
Split Tensile Strength. e split tensile strengths of the control and experimental (E1 through E4) mixtures were
3.6. Flexural Strength. e �exural strength results of the experimental (E1-E4) and control specimens are shown in Table 4 . Similar to the tensile strength, the �exural strength of the specimens increased by the increased percentage of ZrO 2 Nps up to 0.5% replacement (E3) aer 5 days and then decreased (E4) when it compared to the control experiment. It is thought that the increase in �exural strength is due to a rapid consumption of Ca(OH) 2 , which was formed during the hydration process of Portland cement, especially in the early stages, can be related to high reactivity of ZrO 2 Nps. e 10 and 15-day experiments did not show signi�cantly different results when compared to those of 5 days. e results show that the �exural strength increases by adding 0.5% Nps (E3) and then decreases. e addition of 0.5% ZrO 2 Nps produced specimens with much higher �exural strength in respect to all the other experimental specimens and also the control group of the concrete. e reduced �exural strength produced by adding 2.0% ZrO 2 Nps may be due to the fact that the quantity of ZrO 2 Nps existing in the mixture was higher than the amount required to combine with the liberated lime during the process of hydration, thus leading to the leaching out of excess silica and causing a de�ciency in strength as it replaces a part of the cementations material but does not contribute to strength. It may also be due to defects generated in the dispersion of Nps, causing weak zones [33, 34] . Nps have an increased speed of hydration reaction than that of the cement itself. is is because of the phenomenon that ZrO 2 Nps are characterized by their unique surface effects, smaller particle size, and higher surface energy [35] . Smaller particle size allows a rapid increase in surface area, leading to a signi�cant and fast rise in the number of super�cial atoms. ese surface atoms are highly reactive and unstable, which results in a faster reaction speed. Hence, a cautious approach should be taken for the setting time of the cement paste during the utilization of ZrO 2 Nps [36] .
e mechanism of the Nps in improving the pore structure of concrete can be attributed to the fact that the Nps are uniformly dispersed in concrete and each particle is contained in a cube pattern. And hence, the distance between Nps can be determined. Aer hydration begins, hydrated products diffuse and envelop the Nps as kernels. If the content of Nps and the distances between them are appropriate, crystallization will be controlled to a suitable state through restricting the growth of Ca(OH) 2 crystals by Nps. Moreover, the Nps located in cement paste as kernel can further promote cement hydration due to their high activity. is makes the cement matrix more homogeneous and compact [37] .
Conclusions
Today the applications of nanotechnology are appeared in all �elds of science. If nanotechnology can be used as purposeful, useful, and constructive the role of it can be observed in other sciences. Today having �rm constructions and Concrete Structures is the main goal of a civil engineering. Given that Portland cement has a key role in most buildings and concrete industry, Cement production with a new combination that will strengthen and have high strength is an imperative aim. Here we got help from nanotechnology. In this study we used ZrO 2 Nps to increase quality and tolerance in concrete structures. Our results con�rmed this issue that ZrO 2 Nps could be an improvement role in the structure of Portland cement that is main component of concrete structures. e use of Nanoparticles in speci�c quantities could be caused greatly strength of Portland cement and Concrete Structures and �nally this application leads to save the cost. On the other hand, the research on other Nps in construction industry is suggested.
